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Abstract:  
Activation or inhibition of hypothalamic GABAergic activity and immunopotentiation or 
immunosuppression during aging depends on the variation of the amount of dietary 
protein as well as the duration of its supplementation. Here we evaluate the effect of low 
(5%) and high (40%) protein diet on the functional state of hypothalamic GABA receptor 
in the aging brain in albino rats. Consumption of low protein diet (LPD) retards the loss 
of hypothalamic GABA receptor sensitivity in both the low and high affinity sites with an 
increase in density of high affinity GABA receptor. Supplementation of for 30 
consecutive days retarded the age-associated (3 to 18 months) Consumption of the same 
protein diet for 7 consecutive days reflects less effect than that observed under long-term 
period. High (40%) protein diet (HPD), on the other hand, under LT period potentates the 
age-induced loss of both high (from (63% - 71%) and low (40% - 60%) affinity 
hypothalamic GABA receptor sensitivity, without any significant change in age-
associated increase in high affinity hypothalamic GABA receptor density. These results 
thus suggest that the age-induced changes in hypothalamic GABA receptor sensitivity 
and density may be (i) antagonized by long-term supplementation of LPD by restoring 
the age-associated loss of sensitivity of both low and high affinity and increase in density 
of only high affinity hypothalamic GABA receptor and (ii) augmented by long-term 
intake of HPD by potentiating only the age-associated loss of sensitivity of hypothalamic 
GABA receptor of both the affinity sites. 
Keywords: Age; GABA; High protein diet; Low protein diet; Hypothalamus; Receptor 
sensitivity and density. 
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 Introduction:  
A reduced responsiveness to various stimuli and the cellular degeneration of the CNS 
have been considered by many authors as the best documented functional impairment of 
aging mammalian brain (Levin et al., 1981). The mechanisms responsible for these 
changes explain how the biological age in mammals changes the receptors, cell 
membrane and various cellular enzyme systems; however, little progress has been made 
to retard the aging changes in the central nervous system (CNS) (Carr et al., 2003; 
Bandyopadhyay and Poddar, 1997). The rate of aging and duration of life appears to 
result from an interaction between genetic program in the cell and influence on the 
internal microenvironment and external environment. While the causes of aging are 
unknown, there is evidence that the rate of aging may be mediated through the brain, 
especially by the hypothalamus and are closely linked to pituitary and peripheral 
endocrine systems (Everitt, 1976). Biochemical studies have indicated that Gamma-
aminobutyric acid (GABA), a major inhibitory neurotransmitter in the CNS and its 
synthesizing enzyme, glutamic acid decarboxylase (GAD) are present in high amount in 
the hypothalamus (Brownstein et al., 1976) and any sort of disturbance(s) in this system 
may result in a variety of neuropsychiatric illnesses with the increasing biological age 
(Harrison, 1994). Several investigators have also shown that the dietary restriction in rats 
can influence the age-associated changes in neurotransmitter function (Carr et al., 2003; 
Lytle and Altar, 1979; Roth et al., 1984; Bandyopadhyay and Poddar, 1994). Thus, 
appropriately engineered dietary component(s), specifically the dietary protein may 
represent an important manipulator of decelerated changes during aging in mammals 
(Magnusson, 1997; Bandyopadhyay and Poddar, 1998a). Our previous reports have 
shown that the hypothalamic GABA is influenced by the deprivation of dietary protein 
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(Bandyopadhyay and Poddar; 1994; 1998b). Telang et al. have also found that due to 
deprivation of dietary protein, an alteration in the GABA receptor modification during 
developmental stage may be responsible for some of the neurological deficits (Telang et 
al., 1984). The lower endogenous GABA level in the brain membranes of Huntingtons 
disease victims may explain some of the apparent alterations in receptor binding (Olsen 
et al., 1980). In view of the involvement of GABA system in the phenomena of aging 
(Milbrandt et al., 1997) and the link between aging and neuropsychiatric illness 
(Harrison, 1994), it is clear that a more detailed study of GABA receptors and their 
activation could be of vital importance to one of the current major health problems 
(Johnston, 1984). Therefore, our present attempt is to study the effect of dietary protein 
on the age-related GABA receptor function in rat hypothalamus. 
  
Experimental Procedures  
Chemicals: GABA and bovine serum albumin were purchased from Sigma Chemical Co. 
(St. Louis, MO, USA). Radioactive [3H]-GABA (specific activity 60 Ci/mmol) was 
purchased from New England Nuclear, USA. All other reagents used in the present study 
were of analytical grade. 
Animals: The male pups of albino rats of Charls Foster strain immediately after birth 
were housed into two groups and they were aged up to 3 and 18 months for the present 
study. All the rats were maintained with standard laboratory balanced diet containing 
20% protein (casein) and water ad libitum in a 12h dark / 12h light cycle room having 
temperature 28 ± 0.50 C and constant relative humidity 85 ± 5%.  
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Experimental Design: Three and eighteen months old, healthy male albino rats of Charles 
Foster strain were used for the present study. Each age group of rats was divided into 
three subgroups. Each subgroup contains 6-8 animals. Rats of the first, second and third 
subgroup were supplemented with diet containing low (5%), normal (20%) and high 
(40%) protein respectively in combination with all other essential ingredients under 
short- (for 7 consecutive days) or long-term (for 30 consecutive days) periods. Rats of the 
second subgroup maintained with 20% protein containing diet were considered as 
control. All these animals were maintained with food and water ad libitum in a 12 h 
light/12 h dark cycle room having temperature of 28 ± 0.5°C and constant relative 
humidity (85 ±5%). All animal experiments were performed according to the institutional 
guidelines and regulations.    
 Collection of Tissues: Rats of both control and experimental groups were killed by 
cervical dislocation between 9-10 a.m. to avoid circadian effect (if any) and the brains 
were collected under ice-cold (0-4°C) condition. The hypothalamic region was dissected 
out following the method as described by Poddar and Dewey (1980). 
In vitro [3H]-GABA binding assay: In vitro hypothalamic [3H]-GABA binding in absence 
of sodium was measured according to the method of Enna and Snyder (1977). Briefly, the 
tissue was homogenised in 15 volume of ice-cold 0.32 M sucrose solution and 
centrifuged at 1,000 g for 10 mins at 4°C. The pellet was discarded and the supernatant 
fluid was centrifuged at 20,000 g for 20 mins at 4°C. The crude mitochondrial pellet was 
resuspended in distilled water and the suspension was centrifuged at 8,000 g for 20 mins 
at 4°C. The 'buffy coat' along with the supernatant fluid was collected and centrifuged at 
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48,000 g for 20 mins at 4°C in Hitachi SCP 70H model ultracentrifuge. The final synaptic 
membrane pellet thus, obtained was stored at -30°C for 1 h. The frozen pellet was 
resuspended in water, maintained at room temperature for 20 mins and centrifuged at 
48,000 g for 10 mins. The process was continued for two to three times. The pellet was 
then suspended in 0.05 M Tris-citrate buffer, pH 7.1 to a final concentration of 
approximately 1 mg protein per ml for binding assay. 1 ml aliquots of the membrane 
suspension were incubated for 5 mins at 4°C in 1 ml of the above mentioned buffer 
containing 8 nM [3H]-GABA (specific activity 60 Ci/mmol) alone or presence of 1 mM 
unlabelled GABA. The reaction was terminated by centrifugation at 48,000 g for 10 
mins. The resultant pellets were rinsed rapidly and superficially with ice-cold distilled 
water. Finally, the pellet was dissolved in 0.25 ml of 0.2 N NaOH and then neutralised by 
adding 0.25 ml of 0.2 N HCl. 0.3 ml of the aliquot was taken in a vial and 2.7 ml of 
Cocktail 'O' (Spectrochem, Bombay, India) was added to it. The amount of radioactivity 
bound to the pellets was determined by liquid scintillation counter. Specific binding of 
GABA was determined by subtracting the nonspecific binding (in presence of unlabelled 
GABA) from that of total binding (in absence of unlabelled GABA) and expressed in f 
mol/mg protein. Various concentrations (1-800 nM) of unlabelled GABA were used for 
the scatchard plot analysis. The affinity constant (KD) and the receptor concentration 
(Bmax) were determined from the scatchard plot analysis of the binding data. Protein 
content was estimated following the method of Lowry et al  using bovine serum albumin 
as standard (Lowry et al., 1951). 
Statistical analysis: Statistical significance between the mean values was assessed by 
analysis of variance (ANOVA) unless otherwise mentioned.  
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Results 
The scatchard plots analysis of hypothalamic [3H]-GABA binding (Fig. 1) of control rats 
(3 and 18 months old) maintained with normal (20%) protein diet showed the (a) 
presence of both high and low affinity GABA binding in both the ages and (b) reduction 
in affinity (1/KD) of both high (63%; F1,6 = 124, P<0.005) and low (40%; F1,6 = 100, 
P<0.005) affinity binding sites along with a significant increase (42%; F1,6 = 27.6, 
P<0.005) in receptor density only in high affinity binding site with the increase of age of 
rats from 3 to 18 months (Table I). 
     Consumption of low protein diet (LPD) under short-term period (STP) by the young 
rats (3 months old) failed to alter significantly the affinity as well as Bmax of 
hypothalamic GABA receptor of both the affinity sites but in the aged rats (18 months 
old) the same diet under similar condition, significantly increased the affinity of both 
high (111%; F1,6 = 66.49, P<0.01) and low (58%; F1,6 = 103.16, P<0.01) affinity binding 
sites along with a significant decrease (30%; F1,6 = 16, P<0.01) in Bmax of only high 
affinity binding site (Table I). Further it is noted that with the increase of age of rats from 
3 to 18 months, the supplementation of LPD under STP failed to show any change in 
either affinity or Bmax of hypothalamic GABA receptor of both the affinity sites (Table I). 
Intake of LPD for long-term period (LTP) by the young rats produced a significant 
decrease in the affinity of both high (68%; F1,6 = 403, P<0.01) and low (66%; F1,6 = 256, 
P<0.01) affinity binding sites without altering the corresponding Bmax; whereas, 
supplementation of the same diet under similar condition to the aged rats significantly (a) 
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increased the affinity of high (142%; F1,6 = 110, P<0.01) and low (98%; F1,6 = 260.8, 
P<0.01) affinity binding sites and (b) decreased Bmax (24%; F1,6 = 24.38, P<0.01) of only 
high affinity binding site of hypothalamic GABA receptor (Table I). Table I also shows 
that the consumption of LPD for LTP, with the increase of age of rats from young to old, 
significantly increased the affinity of both high (187%; F1,6 = 366, P<0.005) and low 
(244%; F1,6 = 348, P<0.005) affinity binding sites without any significant change in 
corresponding Bmax of hypothalamic GABA receptor. 
    High protein diet (HPD) supplementation under STP to the young rats significantly (a) 
reduced the affinity (22%; F1,6 = 19.36, P<0.01 and 24%; F1,6 = 15.39, P<0.01 
respectively) and (b) increased the Bmax of both high (51%; F1,6 = 27.34, P<0.01) and low 
affinity (53%; F1,6 = 14.05, P<0.01) binding sites of hypothalamic GABA receptor (Table 
I). The aged rats when maintained with the same diet under similar condition, on the 
other hand, showed no significant alteration in either affinity or Bmax of hypothalamic 
GABA receptor of both the affinity sites (Table I). Intake of HPD under STP, 
significantly decreased the affinity (40%; F1,6 = 63.8, P<0.005) of only high affinity 
binding site and Bmax of both high (32%; F1,6 = 21.1, P<0.005) and low (42%; F1,6 = 34, 
P<0.005) affinity binding sites of hypothalamic GABA receptor with the increase of age 
of rats from 3 to 18 months (Table I). 
    Long-term consumption of HPD by the young rats failed to alter the affinity as well as 
Bmax of hypothalamic GABA receptor of both the affinity sites; whereas supplementation 
of the same diet under similar condition to the aged rats significantly reduced the affinity 
of both high (24%; F1,6 = 9.13, P<0.025) and low (33%; F1,6 = 168.8, P<0.01) affinity 
binding sites without any significant change in the corresponding Bmax of hypothalamic 
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GABA receptor (Table I). Moreover, consumption of HPD for LTP, with the increase of 
age of rats from young to old significantly decreased only the affinity of both high (71%; 
F1,6 = 103.7, P<0.005) and low (87%; F1,6 = 197, P<0.005) affinity binding sites of 
hypothalamic GABA receptor (Table I). 
  
Discussion 
A variety of neuropsychiatric illnesses, notably the effective disorders, have been 
increasingly reported to be associated with aging. Brownstein et al. (1976) have shown 
that disturbance in GABA system (a major inhibitory neurotransmitter) in hypothalamus 
(one of the GABA enriched brain region) may result in a number of neuropsychiatric 
illnesses with biological aging. Present study shows that in control rats maintained with 
normal protein diet, there is an age-associated (3 to 18 months old) loss of hypothalamic 
GABA receptor sensitivity in both high and low affinity binding sites along with an 
increase in the density of the same receptor of only high affinity binding site (Table I). 
Since the concept of dietary manipulation in the retardation of aging (Masoro, 1985; 
1993) has recently draw special attention, particularly in underdeveloped and developing 
country, to the scientific community at large and recently we have shown that deprivation 
of dietary protein influence the hypothalamic GABAergic activity and the age-induced 
immunosuppression (Bandyopadhyay and Poddar, 1994; 1998b), it is not unlikely to 
assume that age-induced change in GABA receptor at the level of its affinity and density 
could be influenced by dietary protein manipulation and this may be a step of explanation 
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of the effect of dietary protein in age-associated change in immune response 
(Bandyopadhaya and Poddar, 1998a; 1998b). 
    Supplementation of LPD for STP in the present investigation does not alter the affinity 
and Bmax of hypothalamic GABA receptor of both the affinity sites with the increase of 
age 3 to 18 months (Table I) which may further be supported by the unaltered 
hypothalamic GABAergic activity under similar condition of LPD supplementation 
(Bandyopadhyay and Poddar, 1997; 1998b). Intake of LPD for LTP, on the other hand, 
reduced the age-induced decline of hypothalamic GABA receptor sensitivity of both the 
affinity sites and also retarded the age-related increase of hypothalamic GABA receptor 
density of only high affinity binding site (Table I) suggesting that there may be a 
supersensitization of hypothalamic GABA receptor specifically in the high affinity site in 
aged rat brain. Unlike LPD, short-term supplementation of HPD decreases the affinity of 
hypothalamic GABA receptor in only high affinity binding site with a loss of receptor 
density in both the affinity sites (Table I) with the increase of age of rats from 3 to 18 
months indicating that the age-induced decline in hypothalamic GABA receptor 
sensitivity of both the affinity sites and the increase in its receptor density of high affinity 
site remained unaltered following short-term consumption of HPD. Long-term 
supplementation of the same diet potentiates the age-related loss of hypothalamic GABA 
receptor sensitivity of both the affinity sites without any alteration in their corresponding 
Bmax (Table I) suggesting that there may be a subsensitization of hypothalamic GABA 
receptor of both the affinity sites in the aged rats maintained with HPD under long-term 
condition. 
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    It appears from the above study that the age-associated changes in both sensitivity and 
density of hypothalamic GABA receptor were affected only in the high affinity binding 
site following long-term supplementation of LPD; whereas, in the low affinity binding 
site, alteration only in sensitivity of hypothalamic GABA receptor was observed under 
similar dietary protein-induced condition. Long-term intake of HPD, on the other hand 
affects the age-induced change of only hypothalamic GABA receptor sensitivity of both 
the affinity sites without any alteration in their density. Thus, it may be suggested that the 
high affinity binding site of hypothalamic GABA receptor may be affected more in 
comparison to low affinity site under the present LPD-induced condition. 
    Hypothalamic involvement in the neuroendocrine control of immune response has 
come into light in the neuroimmunological arena, because of its importance as a central 
area of the brain and endocrine system (Khansari et al., 1990; Shepherd, 1988). A 
declined sensitivity with the increase of age in this mechanism may be considered as the 
privileged observatory as far as this study of aging is concerned (Bandyopadhyay and 
Poddar, 1997; 1998a; Sapolsky, 1983). Thus it is obvious from our recent past 
observations (Bandyopadhyay and Poddar, 1994; 1998a; 1998b) that the present age-
associated change in hypothalamic GABA receptor affinity and density can be correlated 
with the alteration in immune response in dietary protein-induced conditions. It is 
interesting to mention that the age-induced (3 to 18 months) loss of hypothalamic GABA 
receptor sensitivity and increase in its density of high affinity binding site may be 
mutually related to the impaired immune response under similar change of age 
(Bandyopadhyay and Poddar, 1997; 1998b). This study further suggest that the 
supersensitization as well as increase in number of high affinity site hypothalamic GABA 
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receptor in aged rat by restoring the age-associated changes in sensitivity and density to 
that observed in young rat with LPD under LTP may have a correlation with the 
consequence of immunopotentiation under the present experimental condition 
(Bandyopadhyay and Poddar, 1997; 1998b). In contrast, the potentiating effect of HPD 
under LTP on age-associated subsensitisation of GABA receptor of both low and high 
affinity sites in aged rat may be correlated with the immunosuppression under similar 
condition (Bandyopadhyay and Poddar, 1997; 1998b). 
    Therefore, it may be concluded from the present study that (a) long-term 
supplementation of LPD may antagonise the age-induced immunosuppression 
(Bandyopadhyay and Poddar, 1998a; 1998b) by restoring the age-associated changes in 
hypothalamic high affinity GABA receptor sensitivity and density and (b) long-term 
consumption of HPD may augment the age-induced immunosuppression (Bandyopadyay 
and Poddar, 1998a; 1998b) by potentiating the age-related change of only hypothalamic 
GABA receptor sensitivity of both the affinity sites. 
    Further the experimental observation in the present investigation suggest that different 
age require different amount of dietary protein to maintain their hypothalamic 
GABAergic activity in relation to immune response status, which may be correlated with 
the functional status of the brain, and finally the whole body. Using the knowledge of the 
present exciting observations the food industries may prepare the planned food 
considering the age of the individual and dieticians should look at the age of the patients 
while prescribing the amount of protein in their diet. 
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Table1: Effect of short-(for 7 consecutive days) and long-term (for 30 consecutive days) 
supplementation of low (5%) and high (40%) protein diet on hypothalamic [3H]-GABA 
binding parameters of 3 and 18 months old rat brain. 
 
Results are expressed as mean ± SEM of 4-6 separate experiments. 
 
The affinity (1/KD) and concentration (Bmax) of low and high affinity binding sites were 
determined by scatchard plot analysis of the binding data. Significantly different from 
corresponding control *P<0.01; †P, 0.025. Significantly different from corresponding 3 
months old ‡P<0.005. 
 
 
 
 
 
3 months 18 months 
KD (nM)  BMAX (p.mol/mg protein) KD (nM) BMAX (p.mol/mg protein) 
 Conditions 
of treatment 
 Groups  Duration 
of diet 
 High Low  High Low  High  Low  High  Low 
Control 
 
Experimental 
Normal 
protein 
Low 
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Legend to figure 
 
Fig 1: Scatchard plots of [3H]-GABA binding in hypothalamus of (a) 3 months old rat 
and (b) 18 months old rat, supplemented with normal (20%), low (5%) and high (40%) 
protein diet under short-(for 7 consecutive days) and long-term (for 30 consecutive days) 
conditions. Each point indicates the mean of 4 separate experiments.
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